The wholesomeness of foods is judged, to a large extent, by the numbers of microorganisms present in them. There has been a tendency recently to establish an allowable upper limit of 100,000 viable bacteria per g of precooked and other frozen foods (Quartermaster Food and Container Institute, specifications 1955; Fitzgerald, 1947) . If such specific regulations concerning bacterial numbers are to have proper significance, the methods by which bacterial numbers are determined must be accurate and reliable. There is, however, considerable question concerning the reliability of dilution fluids such as water, saline, and phosphate buffer, commonly used in making bacterial counts.
Sterile water is used frequently to dilute food samples prior to plating. Water, however, and especially distilled water, has been shown repeatedly to kill various bacteria rapidly and extensively. Winslow and Brooke (1927) found that cells of Bacillus cereus, Bacillus megaterium, and Serratia marcescens, even when initially present in concentrations of millions per ml, decreased to less than 1 per cent of the original population within 1 hr when placed in distilled water or physiologic salt solution. Likewise, Butterfield (1932) found that the number of bacteria in natural waters may decrease as much as 60 per cent in 30 min when diluted with distilled water. More recently, it has been reported that Brucella abortus is rapidly destroyed in distilled water, Ringer's solution, and in unbuffered and buffered saline (de Mello et al., 1951) . Also other bacteria such as Pseudomonas fluorescens, a common inhabitant of foods, and Pseudomonas aeruginosa rapidly die in water and in saline and phosphate buffer solutions (Gunter, 1954; Stokes and Osborne, 1956) .
A random survey by the present authors has disclosed the great extent to which tap and distilled water are employed as diluents. This survey included 44 papers published during the past 20 years, which involved determination of bacterial counts in various foods. Water was used as the diluent in 67 per cent of the investigations, physiologic saline in 18 per cent, phosphate-buffered distilled water in 9 per cent, and the diluent was not mentioned in the remaining 6 per cent of the papers. Of the 67 per cent using water, 21 per cent employed distilled water, 13 per cent tap water, and the ramaining 33 per cent did not indicate the type of water used.
Several ways have been suggested to protect bacteria against the destructive action of water and saline diluents. Butterfield (1932) recommended use of distilled water buffered with small amounts of phosphate and this has been adopted to some extent for the assay 1957]of dairy products (American Public Health Association, 1953) and frozen foods (Quartermaster Food and Container Institute, 1955) . Phosphate-buffered water, however, does not always provide full protection for bacteria (Butterfield, 1932; Stokes and Osborne, 1956) . Also, addition of small amounts of peptone or meat extract to water will protect pure cultures of several bacterial species (Winslow and Brooke, 1927; de Mello et al., 1951) , but apparently has not been tested with natural mixed populations.
The purpose of the present investigation was to examine in detail the effect of various diluents and conditions on the survival of the mixed and diverse bacterial populations found in foods. Several diluents were found that neither appreciably destroy nor stimulate the growth of bacteria for at least an hour. This period should be sufficiently long to permit completion of plating of even a fairly large number of samples.
MATERIALS AND METHODS
Preparation of samples. Most of the experiments were made with precooked frozen chicken and turkey pies purchased from retail stores. The top layer of dough was removed aseptically and discarded. The contents of the pie were transferred to a tared, sterile, screw-cap, aluminum blender jar. A portion of a measured amount of sterile distilled water was added and the mixture blended for 2 min. The remainder of the water, the total of which was sufficient to make a 1:5 dilution of the pie, was then added and the blending continued for an additional minute. Fifty milliliters of the pie suspension were diluted with 50 ml of sterile distilled water. This 1:10 dilution of the pie in distilled water was the starting material for the determination of the effect of various diluents on the microbial population.
Diluents. From the basic 1:10 dilution of sample, further dilutions of 1: 100, 1: 1000, and 1: 10,000 were made in a variety of diluents. For each decimal dilution, 10 ml of sample and 90 ml of diluent were used. These were made in milk-dilution bottles fitted with Eschertype rubber stoppers. The diluents included distilled water, tap water, physiologic saline (0.85 per cent NaCl), 0.0003 M phosphate-buffered distilled water of pH 7.2 (Butterfield, 1932) , peptone ranging from 0.5 per cent to 0.0001 per cent, peptone adjusted to pH 5, 6, 7, and 8, with HCl or NaOH and also 0.1 per cent solutions of casein hydrolyzate, yeast extract, L-glutamic acid, glycine, ammonium sulfate, glucose, sucrose, and dextrin.
Test methods. The 1: 100 and higher dilutions of the samples in the various diluents were incubated at room temperature, approximately 25 C, to determine the degree of survival of the bacteria contained in them.
After 20, 40, 60, and in some cases 120 min, 1-ml aliquots of each dilution, in triplicate, were plated with tryptone glucose extract agar to determine the viable bacterial population. It was considered that, under usual laboratory conditions, there could be a delay of as much as ½12 to 1 hr between dilution of a sample and plating when appreciable numbers of samples are being assayed. Colony counts were made after the plates had been incubated for 3 days at 30 C, and the values for the triplicate plates were averaged.
RESULTS
Representative data from a large number of experiments in which distilled, phosphate, and peptone water were compared as diluents are given in table 1. Poultry pies containing from 50,000 to over 10,000,000 bacteria per g are included. The destructive effect of distilled water on the mixed flora of the pies is very clear. As much as 40 to 60 per cent of the bacterial population from some pies was destroyed in the short interval of 20 min. Considerable loss of bacteria occurred with all of the pies. Destruction increased with time so that within 1 hr a minimum of about 40 per cent and a maximum of about 90 per cent of the bacteria could not be recovered. Phosphate dilution water, although less toxic than distilled water, nevertheless permitted a 20 to 30 per cent decrease in bacterial population within 20 min, 30 to 40 per cent in 40 min, and as much as 80 per cent in 1 hr in some instances. It was effective, however, in some cases, in maintaining the bacterial numbers unchanged for 20 min and occasionally for 40 to 60 min.
In sharp contrast to bacterial losses in distilled and phosphate water, the bacteria survived with little or no loss in 0.5 per cent peptone water for at least an hour in all samples. The small decreases in population, The loss of bacteria previously obtained in distilled water cannot be attributed, except possibly in a minor way, to the lower pH of the water. It is evident from table 3 that 39 per cent destruction of bacteria occurred in distilled water of pH 6.0, whereas only 9 per cent loss occurred in peptone water at exactly the same pH level. Moreover, as has been shown previously, considerable and frequent bacterial destruction takes place in phosphate water which is close to pH 7.
Also, in some of our experiments we have noted as much bacterial loss in tap water at pH 7 as in distilled water at pH 6. There is very little change in pH of the peptone-water dilution of the food material during the 1 hr of storage.
Effectiveness of additional diluents. In order to characterize more closely the nature of diluents which will protect bacteria, a number of additional compounds were tested. These included yeast extract, which like peptone is a complex proteinaceous material, a mixture of amino acids in the form of hydrolyzed casein, individual amino acids, inorganic nitrogen, and carbo- Yeast extract protects bacteria fully as well as peptone. This is true also of casein hydrolyzate, glutamic acid, and glycine. Ammonium sulfate may afford some protection. Among the carbohydrates, glucose and dextrin are ineffective although sucrose appears to offer considerable protection to the bacteria. Autoclaved glucose solutions tend to be acid, and this fact may account for the greater bacterial losses in glucose diluent than in distilled water. On the basis of the limited number of compounds tested, it appears that, in general, bacteria are protected best by diluents which contain complex proteinaceous substances such as peptone and. yeast extract and by mixtures of amino acids or even single amino acids.
DISCUSSION
Not all types of bacteria die rapidly when placed in water or saline. The coli-aerogenes group and the morphologically and biochemically related Salmonella and Proteus groups can survive, in undiminished numbers, for many hours and even days in water (Cohen, 1922; Osborne, 1955, 1956 ). But as has been indicated, many bacteria, including aerobic sporeformers, pseudomonads, and other common inhabitants of foods die very rapidly, within minutes, when suspended in water or saline. Unfortunately, this marked bacterial destruction has not received adequate consideration, since apparently most investigators continue to use water as a diluent for quantitative bacterial counts. Our data indicate that this practice can lead to gross quantitative errors in the assay of foods. The degree of error will vary with the number of sensitive bacterial cells present, the length of time they remain in contact with water, and the size of the initial population. In connection with the latter, it has been our experience that frequently foods with low numbers of bacteria show smaller losses than foods with high bacterial populations when the foods are diluted in water. This is due probably to the protective action of the food material itself. The protection is greater in dilutions of food with relatively few bacteria simply because such foods are diluted to a smaller extent prior to plating than the foods with a great many bacteria per gram.
Destruction of bacteria during dilution can be avoided by the use of 0.1 per cent peptone water as the diluent or the other organic nitrogenous substances described. The peptone water is easy to prepare and is relatively inexpensive because of the low concentration of peptone required for full bacterial protection. At first glance, use of such a nutrient solution as a diluent would seem to offer the danger of bacterial multiplication as contrasted to bacterial destruction in water. Experimentally, however, growth did not occur in peptone water within 1 hr and was absent or only small after 2 hr. This result is understandable, since bacteria placed in nutrient media normally do not begin to multiply for 1 to 2 hr or longer.
The peptone water affords adequate protection for bacteria, provided it is not brought below about pH 6 by the food material. In the case of highly acid foods such as fruits and fruit juices, it may be necessary to neutralize the food with alkaline phosphates or bicarbonate prior to assay or to add such neutralizing agents to the peptone water.
As previously indicated, distilled water was used in all of our experiments to prepare the initial 1:5 and 1:10 dilutions of the food materials. Some bacterial destruction may occur at this stage. The extent would probably be small because of the shortness of time of exposure of the bacteria to the water, about 5 min in our experiments, and the protective effect of the large amount of food material present in these low dilutions. However, it may be best to make all dilutions in 0.1 per cent peptone water. We have adopted this practice as a routine procedure. For other types of materials it may be advisable to redetermine the optimum peptone concentration.
The reason for the marked sensitivity of some bacteria and the resistance of others to destruction in water and saline is not known. Nor is it known how peptone and the related organic nitrogenous substances protect the sensitive bacteria. These are intriguing problems which merit investigation.
SUMMARY
Rapid and extensive destruction of bacteria (the natural mixed population of poultry pies) occurs in the commonly used diluting flui&, namely distilled, tap, and phosphate water, and saline. As much as 40 to 60 per cent of the bacterial population may die in distilled water within 20 min and over 90 per cent in 1 hr. Phosphate water, although less toxic than distilled water, nevertheless permitted, in some instances, a 20 to 30 per cent decrease in bacterial numbers within 20 min and as much as 80 per cent in 1 hr. It is apparent that use of these diluents can lead to large errors in the quantitative determination of bacterial numbers by plating methods.
Bacterial losses during dilution can be avoided by the use of peptone water as the diluent. As little as 0.1 per cent peptone is sufficient to provide essentially full protection of bacteria for at least 1 hr. Other compounds which will also protect bacteria, although they have not been tested as extensively as peptone, include yeast extract, casein hydrolyzate, glutamic acid, and glycine. Carbohydrates are generally ineffective.
